Background: Splenic cysts are infrequent findings in everyday medical practice. They are usually associated with nonspecific symptoms and the diagnosis is incidental. In most instances they are located in the left subcostal region, except for cases of huge sized cysts which can extend to the whole abdomen or pelvis. Aim: To present a case of a large hypogastric splenic cyst in a nulliparous woman, managed with robotic cystectomy. Review of the literature is included. Case: A 19-year-old woman, presented to the gynecologic department with a painless, palpable mass in the lower abdomen. Ultrasonography revealed a pelvic cystic mass, originally misdiagnosed for an ovarian cyst. Serum biomarkers and β-hCG were negative. Definite diagnosis was made during explorative laparoscopy where the cyst was found to originate from the spleen. The surgery setup was changed from a lower to upper abdominal procedure. A robotically-assisted cystectomy was performed without concurrent splenectomy, and the splenic cavity was filled with an omental patch. There was no blood loss and the operation time was 163 minutes. Recovery was uneventful and there was no recurrence for a period of 16 months postoperatively. Conclusions: Pelvic splenic cysts are rare, and may be incidental findings during routine abdominal ultrasound scans. Modern minimally invasive approaches such as robotic surgery offer safe and efficient alternatives to standard techniques.
Introduction
Splenic cysts are considered to be uncommon during routine surgical practice. Martin et al. have classified splenic cysts as either primary (true) or secondary (false) [1] . Type I (or primary) cysts are characterized by the presence of cellular capsule and are mainly found in children and young adults. They are further divided into parasitic and non-parasitic cysts. Splenic cysts of parasitic origin occur mostly after infection by Tenia Echinococcus and have an increasing prevalence in Africa and Central America [2] . Non-parasitic cysts can be congenital, vascular or neoplastic while the congenital ones are categorized into epidermoid, dermoid and endodermoid cysts. Type II (or secondary) cysts have no epithelial capsule and are mainly caused by traumatic, degenerative and inflammatory processes. They are also called pseudocysts and their incidence is four times more than true cysts.
Thirty to 60 percents of splenic cysts are asymptomatic until they reach a significant diameter (usually >8 cm) [3] . Atypical symptoms include a painless mass and heaviness in the left epigastrium, splenomegaly, nausea, vomiting, diarrhea, weight loss and radiating left-shoulder pain [4] [5] . Moreover, effects on the cardiorespiratory system may lead to pleuritic pain, dyspnea and persistent cough [6] . Life-threating complications such as infection and hemorrhage have been rarely reported [7] . The identification of a palpable mass in the left upper abdominal quadrant requires thorough examinations. Ultrasonography is the main tool for diagnosis, where the cysts appear to be anechoic or hypoechoic with well-defined smooth thin walls. Calcifications and other abnormalities of cyst walls may be observed. Important anatomical and morphological information is also provided by computer tomography and magnetic resonance [4] [8] [9] . Angiography can differentiate a splenic cyst from solid malignant tumors which would be usually present with neoplastic, disorganized vasculature [10] . Although hematological, biochemical, and serological considerations are negative in most patients, they are frequently significant in excluding diseases associated to splenomegaly, mononucleosis, hematological and liver disorders [11] [12].
Case Presentation
We present a 19-year old, nulliparous woman who presented to the gynecologic outpatient clinic with painless, abdominal distension in the hypogastrium (Figure 1(A) ), which developed within few months, and according to the patient was associated with recent menstrual abnormalities. Her medical history was free of any injury, infection or abdominal operation. Ultrasonography demonstrated a large, solitary, thin-walled cystic mass (16 × 11 cm) with hypoechoic content and without any diaphragms, filling the entire pelvis (Figure 1(B) ). Blood examination for biomarkers (Ca-125, CEA, α-FP) and β-hCG were all negative. The patientgave consent for a robotically-assisted laparoscopic removal of the mass with concurrent preservation of fertility.
Pneumoperitoneum was created with the open laparoscopy technique (Hasson's) at the lower umbilical rim. Laparoscopic examination of the abdomen revealed a large cystic mass within the lower abdomen, with smooth, pale-white wall, resembling an ovarian cyst (Figure 2(A) ). Soon enough however, it was realized that the cyst originated from the inferior splenic pole (Figure 2(B) ), while other pelvic organs were free of any abnormality. The operation setup was reorganized and repositioned for an upper abdominal operation. The robotic cart was brought against the patient's left shoulder.
The umbilical trocar was the point of entry for the robotic camera. The 5 mm ancillary trocar on the left flank was converted to 7.0 mm robotic. A second robotic trocar was introduced in the right hypochondrium (Figure 3) . The robotic instruments involved were fenestrated grasper (bipolar) and monopolar scissors.
The cyst was mobilized with care. Adhesions to the mesentery, were excised with monopolar scissors. Bipolar cautery was employed for hemostasis. The cyst was punctured with a 5mm needle, and approximately 2 liters of yellow-brown serous fluid were aspirated and sent for cytologic examination and culture. The results later on, were both negative for malignancy and infection, respectively. A specimen of the cystic wall was also sampled for frozen sections which were negative for malignancy (Figure 2(C) ). The wall of the cyst was cut along the edge of the splenic tissue, without any injury to the splenic parenchyma. The spleen was preserved intact. In order to prevent recurrence, greater omentum was mobilized from the transverse colon using robotic Harmonic ACE Curved Shears (Intuitive Surgical Inc.) and omentopexy-fixation of the omentum over the splenic cavitywas performed using Vicryl 3 -0 sutures (Figure 2(D) ). Specimen was retrieved in a plain Endobag from the principal trocar incision. A drainage tube was placed and all trocars were removed. Blood loss was minimal, and the operative time was 163 minutes, including docking time. There were no complications in the postoperative course.
During postoperative period, 280 mL of fluid were collected from the draining tubes and patient was discharged within 72 h. The drainage tube was monitored in a regular outpatient basis, and was removed on the 9th postoperative day. Repeated ultrasonography thereafter showed no intraperitoneal collection.
The patient was followed-up for 16 months after surgery, during which there were no complications or recurrence. Histology reported a non-parasitic splenic pseudocyst with no epithelial capsule.
Discussion
Treatment of splenic cysts has long been a matter of controversy and in several cases is based upon the experience of surgeon. Additionally, there are only few reports in the literature. Nevertheless, it is generally accepted that asymptomatic nonparasitic splenic cysts < 5 cm in diameter should be managed conservatively with nonoperative measures. If the cyst is larger than 5 cm or symptomatic, surgical treatment is strongly recommended [13] - [15] .
The choice of surgical technique depends on many factors. Patient's body mass index and age, location, size and morphology of the cyst are important factors. In the past, open total splenectomy was the gold standard procedure [4] [15] . Today, however, spleen-preserving operations are preferred due to the fact that asplenic patients are in higher risk of postsplenectomy overwhelming infections and sepsis [16] . These interventions include percutaneous aspiration, marsupialization, fenestration, partial cystectomy, partial splenectomy and cyst decapsulation. Development of laparoscopic and later robotic techniques have largely replaced the conventional open approaches [17] .
Percutaneous cyst drainage with or without intracystic injection of alcohol is considered to be an ambiguous therapeutic choice as it is associated with high incidence of recurrence, development of adhesions around the spleen and abscess formation. This procedure, however, can be used preoperatively in order to reduce the size of very large cysts [18] [19] .
Marsupialization and fenestration are appropriate for superficially located cysts although high recurrence rates have been shown with fenestration alone. With laparoscopy, these procedures can be performed safely, fast and provide all benefits of minimally invasive surgery. Coagulation, novel suturing devices and recently described "needlescopic" techniques may add benefit to existing marsupialization techniques. At the same time, laparoscopic ultrasound determines the characteristics of the cyst enabling surgeon to choose the suitable part of the cystic wall to be resected [13] [20] [21] . Regarding massively enlarged splenic cysts (>15 cm), there are only few reports in the literature about successful marsupialization [22] - [24] or fenestration [22] [25]- [27] , and these techniques cannot be recommended yet.
Partial cystectomy or total cystectomy with cyst decapsulationare safe procedures, where the cystic wall is partially or totally excised, respectively. An omental patch over the parenchymal cavity is strongly supported as a method which minimizes the risk of recurrence. However further studies areneeded to determine the extent of cystic wall excision [13] [28] . Salky et al. described the first laparoscopic partial cystectomy with no recurrence of the cyst in a 5 year follow-up [29] . Since then, numerous laparoscopic-assisted cystectomies have been carried out successfully. In a report of Chin et al. [30] laparoscopic partial cystectomy (unroofing) was performed in 77.8% of patients with a 42.9% recurrence rate, while decapsulation was performed in 22.2% of patients without recurrence. Average blood loss was 27 mL for partial and 63 mL for total cystectomy, while the mean operation time was 88 and 203 minutes, respectively. In another study from Morgenstern [16] , 3 of 22 (13.6%) patients were also managed successfully by cystectomies with no mortality or complications, over a 28-year-period. In a most recent study, Kalogeropoulos G. et al. [31] confirmed the benefits of laparoscopic decapsulation and reported cyst recurrence in only one patient (16.6%), over a follow-up period of 28 months.
Partial splenectomy is recommended in cases where the cyst is located at the poles of spleen, or when the cystic cavity is deep (higher risk of recurrence). The main advantage of this procedure is that it has better outcome than splenic autotransplantation while it preserves more than 25% of splenic parenchyma. Despite the fact that an angiography can be helpful, great surgical skills and thorough knowledge of the individual's splenic vascularization are necessary [13] [14] [32] . Partial splenectomy can also be carried out by laparoscopy. Incision of the splenic capsule can be achieved by means of harmonic scalpel (Ethicon Endo-Surgery, Inc. Cincinnati, Ohio. USA), while ultrasonically activated instruments and Argon Beam Coagulator are also recommended for hemostasis [4] [33] [34] . Szczepanik and Meissner [35] successfully performed open partial splenectomies in 9 of 10 patients (in one patient, insufficient arterial supply led to total splenectomy) with nonparasitic splenic cysts. No recurrences or infections were observed in a follow-up period of 26 months, while the size of remnant splenic parenchyma constituted, on average, for 71% of preoperative spleen size. Morgenstern [16] managed 14 of 22 non-parasitic splenic cysts (NPSCs) with partial splenectomy; follow up scans showed functional splenic remnants and no cyst recurrences. Wu, S.C. et al. [36] performed five successful partial splenectomies with the aid of a Lin clamp. The mean blood loss was of about 68ml and the average operation time was 75 minutes. There was no recurrence during a median follow-up period of 34 months. In a review of Uranus and Alimoglu [37] , 7 patients with NPSCs underwent open hemisplenectomy and 19 patients underwent laparoscopic hemisplenectomy with success. No postoperative mortality was seen.
For many years, open total splenectomy has been the gold standard for treating splenic cysts. Nowadays, this type of surgery is performed only under specific circumstances. These include polycystic cases, huge cysts, hilum-located cyst, intrasplenic cysts, ruptured cysts and uncontrollable intraoperative bleeding during a spleenpreserving minimally invasive operation. In contrast, laparoscopic splenectomy is the modern gold standard technique in daily practice. Ability of splenic tissue for autotransplantation is noteworthy and mayfacilitate decision for splenectomy [4] [45] .
Pelvic or hypogastric non parasitic splenic cysts are very rare entities and usually related to wandering spleens. E.V. Ward et al. [46] reported an unusual case of a 25-year-old female who was conservatively managed for her splenic cyst. Ultrasounds demonstrated more than double increase of the cyst (from 5 to 12 cm) and CT showed a cyst located in the pelvis, but originating from the lower splenic pole. Successful splenectomy was performed. Postoperative course of the patient was uneventful and she was discharged four days later. A case report fromSinha and Fisher [47] refers to splenoptosis, resulting from a huge splenic cyst (15 cm) within the pelvis of a child. After cystic content aspiration, marsupialisation and splenopexy in a retro-peritoneal pouch was performed. The child was followed-up for 2 years. In our case, the spleen was located in the correctanatomic position (orthotopic) and the cyst extended inferiorly from the lower splenic pole, through a thick stalk. Because it was reaching as far as deep inside pelvis, it escaped correct diagnosis with pelvic ultrasonography.
Constant evolution in the field of minimal invasive surgery has led to development of robotic-assisted procedures. Da Vinci robotic system offers accurate motion control, stereoscopic vision, greater anatomical precision and ergonomic comfort [48] . Although recent studies demonstrate several robotic total or partial splenectomies in managing cystic lesions of spleen [48] - [51] , robotic spleen-preserving cystectomies have not yet been reported.
Conclusions
Splenic cysts are infrequent findings in everyday medical practice. In most instances they are confined in the left subcostal region, except for cases of massive splenomegaly or ectopic spleens. Generally, surgical procedures are recommended for cysts larger than 5 cm diameter, and laparoscopy has proven safe and reproducible in the management of such cases.
Extraordinary cases require a multidisciplinary approach for better results. Good collaboration between gynecologic surgeons and general surgeons is essential at all times, especially when dealing with uncertain pelvic masses.
Robotic surgery with the da Vinci System enhances the minimally invasive maneuverability, provided the surgical team is properly trained. Robot-assisted total cystectomy is equally efficient with its laparoscopic coun-
